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Description 

BACKGROUND OF THE INVENTION 

The invention pertains to rolling element bear- 
ings, and, in particular, to such bearings which are 
used at high speeds and heavy loads. 

That rolling element bearings are effective in 
reducing the friction between a rotating shaft and a 
fixed journal, or between a rotating wheel and a 
fixed axle, is amply demonstrated by the wide- 
spread usage of such bearings in an enormous 
variety of applications. Such bearings are some- 
times identified as antifriction bearings because 
there is generally far less friction associated with 
the rolling action between the rolling elements and 
the inner and outer races than with the sliding 
action between a shaft and journal in a journal 
bearing. 

Rolling element bearings vary in si2e, rotational 
speed, operating load and temperature, and type of 
rolling element. The most widely used types of 
rolling elements in such bearings are balls, cylin- 
drical rollers and frustoconical tapered rollers. 

Many factors combine to determine the limiting 
speeds of bearings. To provide a check on bearing 
speed limits, size and rotational speed are conve- 
niently combined in a quantity called "DN", which 
is the product of inside (or bore) diameter of the 
inner race (in millimeters) times the rotational 
speed (in revolutions per minute). It has been ob- 
served that bearings having a DN value above 
about 1 ,500,000 seem vulnerable to problems such 
as sliding or skidding of rolling elements, over- 
heating, rolling contact fatigue, and race fracture 
due to high hoop stresses. Thus, a DN value over 
about 1,500,000 arbitrarily, but effectively, defines 
a high speed bearing. 

Numerous means to reduce wear in rolling 
element bearings have been devised. For example, 
rolling elements and both races are frequently 
made of hardened steel. The steels normally used 
contain high levels of carbon, generally above 
about 0.5 percent, or the surfaces of the compo- 
nents of such bearings are carburized to similar 
carbon levels. Takei et al. (Japanese Unexamined 
Patent JP-A-58 174 718) have disclosed the ap- 
plication of hard coatings to rolling elements and 
both races as a means for reducing wear. However, 
it has been discovered that hard coatings on the 
rolling elements or the races may be detrimental to 
the operation of heavily loaded high speed bear- 
ings. Under such conditions, the hard coatings may 
crack or spall off, producing loose particles of the 
hard material. Those loose particles act as con- 
taminant particles, as discussed below. 

Rolling element bearings typically include a 
spacer means, usually called a cage, separator or 



retainer, which serves to space the rolling elements 
from each other uniformly around the periphery of 
the races. For some bearings designed to operate 
at high values of DN, the cage is guided by having 
5 it operate in close proximity to land or shoulder 
regions on either the inner race or the outer race. 
There is a close radial clearance, on the order of 
0.25 mm (0.010 inch), between the cage and the 
land regions of the guiding race. This design keeps 

10 the cage more nearly coaxial with the bearing, 
which improves the uniformity of spacing of the 
rolling elements, and also reduces vibration or 
wobbling of the cage. 

However, a disadvantage of this design is that 

75 hard contaminant particles may become trapped in 
the clearance region between the cage and land 
region of the guiding race; if so, the contaminant 
particles may cause added wear of the bearing 
components. The problem is particularly severe 

20 when the cage is made of a relatively soft material 
such as bronze or when it is coated by a soft anti- 
seize coating such as silver. The contaminant par- 
ticles may become embedded in this soft material. 
Such embedded contaminant particles act to cut 

25 into the land region of the guiding race. Further, 
debris particles produced in the wear process be- 
have to contribute to the wear process. In spite of 
the considerable care normally exercised to pre- 
vent contamination of a bearing, either during man- 

30 ufacture, assembly or operation, such contamina- 
tion remains a problem to the designer and user of 
rolling element bearings. 

Bearings having races made of steel having 
very fine carbide particles in its microstructure, 

35 such as bearing races made by powder metallurgy 
techniques, are especially vulnerable to the prob- 
lem of accelerated wear from contamination and 
debris because the individual carbide particles are 
too small to prevent contaminant and debris par- 

40 tides from lifting the carbide particles and support- 
ing matrix from the surface of the metal. 

Rotating compressor and turbine components 
of aircraft gas turbine engines are typically sup- 
ported in rolling element bearings. Such bearings 

45 are routinely subjected to high speeds, high tem- 
peratures and high operating loads, yet they must 
be kept as light as possible to minimize overall 
engine weight. DN values of about 2,000,000 are 
typical. Engine operating temperatures dictate the 

so use of tool steels such as M50 in place of widely 
used bearing steels such as AISI 52100. The bear- 
ings in an aircraft gas turbine engine must carry 
the entire thrust generated by the engine, plus 
loads resulting from the weight of the rotating com- 

55 ponents plus loads generated by in-flight maneu- 
vers, air turbulence and landings. Such high speed, 
highly loaded bearings are critical to operation of 
the engine. Thus, such bearings must be designed 
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and manufactured to minimize the likelihood of 
bearing failure. 

SUMMARY OF THE INVENTION 

In one aspect, the invention provides a rolling 
element bearing comprising an outer race of gen- 
erally annular configuration having an inner surface 
comprised of a rolling contact region disposed be- 
tween two land regions; an inner race of generally 
annular configuration having an outer surface com- 
prising a rolling contact region, the inner race being 
disposed concentrically within the outer race, there- 
by defining an annular space between the inner 
race and the outer race; a plurality of rolling ele- 
ments of substantially uniform size, each of the 
elements being disposed in the annular space and 
contacting the outer race and the inner race; and 
spacer means for positioning the rolling elements 
in substantially equal angular intervals around the 
periphery of the annular space, the spacer means 
having an outer surface comprising two land re- 
gions, each of which is proximately located in op- 
position to, and acts in cooperation with, one of the 
land regions of the outer race, the proximity be- 
tween the respective land regions of the spacer 
means and the land regions of the outer race 
constraining the spacer means to a substantially 
concentric position within the outer race without 
restricting rotational motion therebetween; charac- 
terised in that each land region has a hard coating 
of substantially uniform thickness affixed thereto; 
and the presence of the hard coating affixed to the 
land regions of the outer race is avoided on the 
rolling contact regions of the races and the rolling 
elements; 

In a further aspect, the invention provides a 
bearing comprising an outer race of generally an- 
nular configuration having an inner surface com- 
prised of a rolling contact region; an inner race of 
generally annular configuration having an outer sur- 
face comprising a rolling contact region disposed 
between two land regions, the inner race being 
disposed concentrically within the outer race, there- 
by defining an annular space between the inner 
race and the outer race; a plurality of rolling ele- 
ments of substantially uniform size, each of the 
elements being disposed in the annular space and 
contacting the outer race and the inner race; and 
spacer means for positioning the rolling elements 
in substantially equal angular intervals around the 
periphery of the annular space, the spacer means 
having an inner surface comprising two land re- 
gions, each of which is proximately located in op- 
position to, and acts in cooperation with, one of the 
land regions of the inner race, the proximity be- 
tween the respective land regions of the spacer 
means and the land regions of the inner race 



constraining the spacer means to a substantially 
concentric position around the inner race without 
restricting rotational motion therebetween; charac- 
terised in that each land region of the inner race 
5 has a hard coating of substantially uniform thick- 
ness affixed thereto; and the presence of the hard 
coating affixed to the land regions of the inner race 
is avoided on the rolling contact regions of the 
races and the rolling elements. 

70 In accordance with the present invention, an 

improved type of rolling element bearing is 
achieved by protecting race land regions against 
wear or scoring, especially in gas turbine engines. 
In particular, a coating of hard, wear-resistant ma- 

75 terial such as titanium nitride, applied to the race 
land region of a rolling element bearing, is effective 
in reducing wear or scoring of the race land region. 
Further, such a coating is especially effective in the 
type of bearing where the cage is guided and 

20 maintained in a location that is substantially coaxial 
with the bearing races by a close running clear- 
ance between the cage and either the inner race or 
the outer race. 

During the development of the present inven- 

25 tion, it was found that bearings of the type de- 
scribed above are vulnerable to wear or scoring 
due to the action of hard contaminant particles 
present in the small clearance space between the 
cage and the guiding race land region. While it is 

30 obviously desirable to exclude hard contaminant 
particles from rolling element bearings, one skilled 
in the art will recognize that in practice it may be 
nearly impossible to maintain sufficient freedom 
from contaminant particles so as to preclude the 

35 wear or scoring described above. Thus, it is an 
object of the present invention to provide a rolling 
element bearing that has a reduced vulnerability to 
such wear or scoring. 

Another feature of the present invention in- 

40 eludes a rolling element bearing having race land 
regions protected against wear or scoring. A rolling 
element bearing having reduced vulnerability to 
such wear or scoring, but otherwise functioning in a 
manner substantially identical to similar bearings 

45 not including such protection is provided. 

Other features arid advantages of the present 
invention will be apparent from the following more 
detailed description of the preferred embodiment, 
taken in conjunction with the accompanying draw- 
so ings which illustrate, by way of example, the princi- 
ples of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 Fig. 1 is a schematic cross section of a rolling 

element bearing having a cage which is guided by 
a close running clearance between the cage and 
the outer race land regions. 
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Fig. 2 is a schematic cross section of a rolling 
element bearing having a cage which is guided by 
a close running clearance between the cage and 
the inner race land regions. 

DETAILED DESCRIPTION OF THE INVENTION 

Pursuant to the present invention, an improved 
rolling element bearing having reduced vulnerability 
to wear and scoring due to foreign particles in the 
clearance space between the cage and guiding 
race land region is provided. The improvement 
includes application of a hard, wear-resistant ma- 
terial to the race land region of the bearing. The 
applied material is physically compatible with the 
race land region material in that it is relatively easy 
to apply, and remains attached to the race land 
region despite the harsh operating conditions en- 
countered in this region of the bearing. Foreign 
particles include, but are not limited to, contamin- 
ants inadvertently introduced into the bearing, de- 
bris resulting from bearing wear, other debris re- 
sulting from wear processes outside the bearing, 
and the like. 

Figs. 1 and 2 are schematic cross sections of 
rolling element bearings. In Fig. 1 the rolling ele- 
ments 16 are shown as balls which operate be- 
tween rolling contact surfaces 22 and 23; in Fig. 2 
the rolling elements 17 are shown as rollers which 
operate between rolling contact surfaces 32 and 
33^ Also, in Fig. 1 the guiding race land region 19 
is on an outer race 12, and in Fig. 2, the guiding 
race land region 42 is on an inner race 54. The 
drawings are illustrative, rather than limiting, for the 
present invention is applicable to the general class 
of rolling element bearings, regardless of whether 
the rolling elements are bails, rollers, tapered roll- 
ers, or some other type of rolling element, or 
whether the cage is guided by land regions on the 
inner or the outer race. 

As shown in Fig, 1, a rolling element bearing 
10 is comprised of an outer race 12, an inner race 
14, a plurality of rolling elements 16 which are 
positioned by a cage 18. As indicated previously, 
one of the principal functions of the cage is to 
maintain the rolling elements in positions that are 
substantially equally spaced in the operating space 
between the races. This function is better achieved 
by guiding the cage on each side of the rolling 
elements by a close operating clearance between 
the cage and the race land regions 19 of the 
guiding race. The previously described problem of 
wear of the bearing components is frequently ap- 
parent on the race land regions. 

In the present invention, such wear of the race 
land regions has been substantially reduced by the 
use of a hard, thin coating 20 applied to the race 
land regions 19 of the guiding race, but not to the 



rolling contact surfaces 22 and 23 of the races. The 
restriction that the coating be applied to the race 
land regions, but not to the contact surfaces, is an 
important feature of the present invention. As in- 
5 dicated previously, the hard coatings on the rolling 
elements and rolling contact surfaces disclosed by 
Takei et al. are vulnerable to spalling or flaking off 
under heavy loading, thereby producing contamin- 
ant particles which can cause wear or scoring in 
10 the wear land regions. Surprisingly, it was found 
that hard coatings, when employed in accordance 
with the present invention, provide protection 
against wear in the wear land regions without the 
risk of spalling or flaking off under heavy loading. 
75 Thus, within the scope of the present invention, the 
application of the hard coating is intentionally ap- 
plied to the race land regions 19, and specifically 
avoided on the rolling elements 16 or 17 and rolling 
contact surfaces 22 and 23. Whether, the applica- 
nt) tion' of the hard coating to other regions of the 
races should be permitted would depend on other 
functional and manufacturing considerations of the 
bearing. 

There is considerable latitude in the material 

25 selected for hard coating, and in the method for 
applying that coating. Within the context of the 
present invention the term hard coating is taken to 
include both coatings overlaid on the surface of the 
substrate and surface treatments which alter the 

30 characteristics of the surface of the substrate, un- 
less otherwise specified. Although structurally dis- 
tinct, the two classes of coating are functionally 
similar. Overlay coatings, such as titanium nitride, 
are applied to the surface of the race land regions 

35 with minimal change in the composition of the 
bearing race material. Surface treatments, such as 
nitriding or carburizing, represent the addition of 
one or more elemental species to the surface re- 
gion of the bearing race material, thereby effecting 

40 a localized change in its composition, typically ac- 
companied by a localized change in microstructure. 
A distinction is made between two types of car- 
burizing treatments which may be performed on 
the races. Saturation carburizing adds carbon in 

45 excess of its solubility in austenite at the car- 
burizing temperature, specifically to develop mas- 
sive wear-resistant carbides, and is considered a 
surface treatment. Conventional carburizing adds 
lesser percentages of carbon, albeit to greater 

50 depths, and is considered part of manufacturing the 
races prior to application of either type of coating. 

Numerous types of coatings, including titanium 
nitride, titanium carbide, titanium carbonitride, zir- 
conium nitride, tungsten carbide, thin dense chro- 

55 mium and a combination of thin dense chromium 
coated with tungsten sulfide lubricant film, are ap- 
plicable to the present invention. Suitable methods 
for applying the coatings include physical vapor 
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deposition, electroplating and ion implantation, all 
of which are known in the art. The combination of 
titanium nitride applied by physical vapor deposi- 
tion, or a variant thereof, has been found to be 
particularly effective. Those skilled in the art will 5 
recognize that there are other types of hard coating 
and other methods of application which will pro- 
duce hard coatings having functional equivalence 
to, and included within the scope of, the coatings 
contemplated in the present invention. io 

EXAMPLE 1 

A bearing of the type shown schematically in 
Fig. 1 was being operating at a DN value of about 75 
2,000,000 in a gas turbine engine. It was found to 
be vulnerable to hard particle contamination, which 
produced wear and scoring in the outer race .land 
regions. Applying a coating of titanium nitride about 
2 to 5 micrometers thick by physical vapor deposi- 20 
tion substantially eliminated the problem, both in 
laboratory tests and factory engine tests. 

EXAMPLE 2 

25 

A bearing having an integral hard coating is 
prepared by saturation carburizing. A bearing race 
having race land regions for guiding a cage is 
made from a low carbon bearing steel of the type 
described by Bamberger et al. (U.S. Patent No. 30 
4,659,241), allowing approximately 0.51 mm (0.020 
inch) excess stock in the rolling contact region. The 
race is then carburized to a depth of about 1.14 
mm (0.045 inch) and a surface carbon content of 
about 0.90 percent carbon; the race is further car- 35 
burized to a depth of about 0.38 mm (0.015 inch)- 
and a surface carbon content of at least about 1.2 
percent carbon. The race is then heat treated to 
spheroidize the carbide particles, and thus avoid a 
grain boundary carbide network in the finished part. 40 
Then it is machined to near nominal dimensions in 
the rolling contact region, effectively removing the 
integral hard coating in that region. Next, it is 
further heat treated to optimize retained austenite 
in the structure and achieve the desired hardness 45 
in the rolling contact region and race land regions. 
Then it is finish ground to the required dimensions. 
Alternatively, a mask to carburizing, such as a layer 
of electroplated nickel in selected regions, is ap- 
plied after the first carburizing step to limit the 50 
extent of the second carburized layer to predeter- 
mined regions of the part. 

In light of the foregoing discussion, it will be 
apparent to those skilled in the art that the present 
invention is not limited to the embodiments, meth- 55 
ods and compositions herein described. Numerous 
modifications, changes, substitutions and equiv- 
alents will be apparent to those skilled in the art 



and may be made within the scope of the invention 
claimed. 

Claims 

1. A rolling element bearing (10) comprising: 

an outer race (12) of generally annular 
configuration having an inner surface com- 
prised of a rolling contact region (23) disposed 
between two land regions (19); 

an inner race of (14) generally annular 
configuration having an outer surface compris- 
ing a rolling contact region (22), the inner race 
being disposed concentrically within the outer 
race, thereby defining an annular space be- 
tween the inner race and the outer race; 

a plurality of rolling elements (16) of sub- 
stantially uniform size, each of the elements 
being disposed in the annular space and con- 
tacting the outer race and the inner race; and 

spacer means (18) for positioning the roll- 
ing elements in substantially equal angular in- 
tervals around the periphery of the annular 
space, the spacer means having an outer sur- 
face comprising two land regions, each of 
which is proximately located in opposition to, 
and acts in cooperation with, one of the land 
regions of the outer race, the proximity be- 
tween the respective land regions of the spac- 
er means and the land regions of the outer 
race constraining the spacer means to a sub- 
stantially concentric position within the outer 
race without restricting rotational motion there- 
between; 

characterised in that each land region of 
the outer race has a hard coating (20) of sub- 
stantially uniform thickness affixed thereto; and 

the presence of the hard coating affixed to 
the land regions of the outer race is avoided 
on the rolling contact regions of the races and 
the rolling elements. 

2. A bearing (10) comprising: 

an outer race (52) of generally annular 
configuration having an inner surface com- 
prised of a rolling contact region (32); 

an inner race (54) of generally annular 
configuration having an outer surface compris- 
ing a rolling contact region (33) disposed be- 
tween two land regions (42), the inner race 
being disposed concentrically within the outer 
race, thereby defining an annular space be- 
tween the inner race and the outer race; 

a plurality of rolling elements (17) of sub- 
stantially uniform size, each of the elements 
being disposed in the annular space and con- 
tacting the outer race and the inner race; and 

spacer means (18) for positioning the roll- 
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ing elements in substantially equal angular in- 
tervals around the periphery of the annular 
space, the spacer means having an inner sur- 
face comprising two land regions, each of 
which is proximately located in opposition to, 5 
and acts in cooperation with, one of the land 
regions of the inner race, the proximity be- 
tween the respective land regions of the spac- 
er means and the land regions of the inner 
race constraining the spacer means to a sub- 10 
stantially concentric position around the inner 
race without restricting rotational motion there- 
between; 

characterised in that each land region of 
the inner race has a hard coating of substan- 15 
tially uniform thickness affixed thereto; and 

the presence of the hard coating affixed to 
the land regions of the inner race is avoided on 
the rolling contact regions of the races and the 
rolling elements. 20 

3. The bearing claimed in claim 1 or claim 2, 
wherein the hard coating is an overlay coating 
having a thickness of about 0:1 to about 25 
micrometers. 25 

. 4. The bearing claimed in claim 1 or claim 2, 
wherein the hard coating is an overlay coating 
comprised of a material selected from the 
group consisting of: titanium nitride, titanium 30 
carbide, titanium carbonitride, zirconium 
nitride, tungsten carbide, thin dense chromium 
and thin dense chromium with a tungsten di- 
sulfide solid lubricant film. 

35 

5. The bearing claimed in claim 1 or claim 2, 
wherein the hard coating is an overlay coating 
comprised of titanium nitride. 

6. The bearing claimed in claim 1 or claim 2, ao 
wherein the hard coating is an integral coating 
produced by a treatment selected from the 
group consisting of nitriding, nitrocarburizing 

and saturation carburizing. 

45 

7. The bearing claimed in claim 1 or claim 2, 
wherein the hard coating is an integral coating 
having a thickness of about 20 to about 1000 
micrometers. 

50 

Patentansprtlche 

1. Rollelementlager (10) enthaltend: 

einen auBeren Laufring (12) mit einer im 
allgemeinen ringformigen Konfigu ration, der. 55 
eine innere Oberflache hat, die einen Rollkon- 
taktbereich (23) aufweist, der zwischen zwei 
Stegbereichen (19) angeordnet ist, 



einen inneren Laufring (14) mit einer im 
allgemeinen ringformigen Konfiguration, die 
eine auBere Oberflache hat, die einen Rollkon- 
taktbereich (22) aufweist, wobei der innere 
Laufring konzentrisch innerhalb des auBeren 
Laufringes angeordnet und dadurch zwischen 
dem inneren Laufring und dem auBeren Lauf- 
ring ein Ringraum gebildet ist, 

mehrere Rollelemente (16) mit im wesentli- 
chen gleichformiger GroBe. wobei jedes der 
Elemente in dem Ringraum angeordnet ist und 
mit dem auBeren Laufring und dem inneren 
Laufring in Kontakt steht, und 

eine Abstandseinrichtung (18) zum Positio- 
nieren der Rollelemente in im wesentlichen 
gleichen Winkelintervallen urn den Umfang des 
Ringraumes herum, wobei die Abstandseinrich- 
tung eine auBere Oberflache mit zwei Stegbe- 
reichen aufweist, die jeweils nahe gegenuber 
einem der Stegbereiche des auBeren Laufrin- 
ges angeordnet sind und mit diesem zusam- 
menarbeiten, wobei die Nahe zwischen den 
entsprechenden Stegbereichen der Abstands- 
einrichtung und der Stegbereiche des auBeren 
Laufringes die Abstandseinrichtung auf eine im 
wesentlichen konzentrische Position innerhalb 
des auBeren Laufringes eingespannt, ohne die 
Drehbewegung dazwischen einzuschranken, 

dadurch gekennzeichnet, dafl jeder Steg- 
bereich des auBeren Laufringes einen daran 
angebrachten harten Uberzug (20) mit im we- 
sentlichen gleichformiger Dicke hat, und 

das Vorhandensein des harten Oberzuges, 
der an den Stegbereichen des auBeren Lauf- 
ringes angebracht ist, auf den Rollkontaktberei- 
chen der Laufringe und der Rollelemente ver- 
mieden ist. 

2. Lager (10), enthaltend: 

einen auBeren Laufring (52) mit im allge- 
meinen ringformiger Konfiguration, der eine in- 
nere Oberfla # che hat, die einen Rollkontaktbe- 
reich (32) aufweist, 

einen inneren Laufring (54) mit im allge- 
meinen ringformiger Konfiguration, der eine 
auBere Oberflache hat, die einen Rollkontakt- 
bereich (33) aufweist, der zwischen zwei Steg- 
bereichen (42) angeordnet ist, wobei der inne- 
re Laufring konzentrisch innerhalb des auBeren 
Laufringes angeordnet und dadurch zwischen 
dem inneren Laufring und dem auBeren Lauf- 
ring ein Ringraum gebildet ist, 

mehrere Rollelemente (17) mit im wesentli- 
chen gleichformiger GroBe, wobei jedes der 
Elemente in dem Ringraum angeordnet ist und 
mit dem auBeren Laufring und dem inneren 
Laufring in Kontakt steht, und 

eine Abstandseinrichtung (18) zum Positio- 
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nieren der Rollelemente in im wesentlichen 
gleichen Winkelintervailen urn den Umfang des 
Ringraumes herum, wobei die Abstandseinrich- 
tung eine innere Oberflache hat, die zwei Steg- 
bereiche aufweist, die jeweils nahe gegenuber 
einem der Stegbereiche des inneren Laufrin- 
ges angeordnet sind und mit diesem zusam- 
menarbeiten, 

dadurch gekenn2eichnet, dafi jeder Steg- 
bereich des inneren Laufringes einen daran 
angebrachten harten Oberzug hat mit einer im 
wesentlichen gleichfSrmigen Dicke hat, und 

die Nahe zwischen den entsprechenden 
Stegbereichen der Abstandseinrichtung und 
den Stegbereichen des inneren Laufringes die 
Abstandseinrichtung auf eine im wesentliche 
konzentrische Position um den inneren Lauf- 
ring herum einspannt, ohne die Drehbewegung 
dazwischen einzuschranken, 

wobei das Vorhandensein des harten 
Oberzuges, der an den Stegbereichen des in- 
neren Laufringes angebracht ist, auf den Roll- 
kontaktbereichen der Laufringe und der Rolle- 
lemente vermieden ist. 

3. Lager nach Anspruch 1 Oder 2, wobei der harte 
Oberzug ein Oberflachenuberzug ist, der eine 
Dicke von etwa 0,1 bis etwa 25 Mikrometer 
hat. 

4. Lager nach Anspruch 1 Oder 2, wobei der harte 
Oberzug ein Oberflachenuberzug aus einem 
Material ist, das aus der Gruppe ausgewahlt 
ist, die besteht aus: Titannitrid, Titancarbid. 
Titancarbonitrid, Zirkonnitrid, Wolframcarbid, 
eine dtinne Dichte aufweisendes Chrom und 
eine dunne Dichte aufweisendes Chrom mit 
einem festen Wolframdisulfid- 
Schmiermittelfilm. 

5. Lager nach Anspruch 1 Oder 2, wobei der harte 
Oberzug ein OberflScheniSberzug ist, der Titan- 
nitrid aufweist. 

6. Lager nach Anspruch 1 Oder 2, wobei der harte 
Oberzug ein integraler Oberzug ist, der durch 
eine Behandlung erzeugt ist, die aus der aus 
Nitrieren, Nitrokarbonisieren und Sattigungs- 
Karbonisieren bestehenden Gruppe ausgewahlt 
ist. 

7. Lager nach Anspruch 1 Oder 2, wobei der harte 
Oberzug ein integraler Oberzug ist, der eine 
Dicke von etwa 20 bis etwa 1000 Mikrometer 
hat. 



Revendications 

1. Palier a roulement (10) comprenant: 

une bague exterieure (12) de configuration 
5 globalement annulaire, comportant une surface 

interieure constitute par une region (23) de 
contact de roulement, disposed entre deux re- 
gions plates (19); 

une bague interieure (14) de configuration 
jo globalement annulaire, comportant une surface 

exterieure comprenant une region (22) de 
contact de roulement, la bague interieure etant 
disposed concentriquement dans la bague ex- 
terieure, en dtfinissant ainsi un espace annu- 
75 laire entre la bague interieure et la bague 

exterieure; 

une plurality d'elements roulants (16) de 
taille sensiblement uniforme, chacun des Ele- 
ments etant dispose dans I'espace annulaire et 

20 Etant en contact avec !a bague exterieure et la 

bague interieure; et 

un moyen d'espacement (18) pour posi- 
tionner les elements roulants a des intervalles 
angulaires sensiblement egaux !e long de la 

25 peripherie de I'espace annulaire, le moyen 

d'espacement comportant une surface exte- 
rieure comprenant deux regions plates, dont 
chacune est situee approximativement en face 
d'une des regions plates de la bague exterieu- 

30 re et coopere avec cette region, la proximite 

entre les regions plates respectives du moyen 
d'espacement et les regions plates de la ba- 
gue exterieure retenant le moyen d'espace- 
ment dans une position sensiblement concen- 

35 trique dans la bague exterieure sans restrein- 

dre le mouvement de rotation entre ce moyen 
et cette bague; 

caracterise en ce que chaque region plate 
de la bague exterieure comporte un revete- 

40 ment dur (20) d'epaisseur sensiblement unifor- 

me, fixe a cette bague; et 

la presence du revetement dur fixe aux 
regions plates de la bague exterieure est tvi- 
tee sur les regions de contact de roulement 

45 des bagues et des elements roulants. 

2. Palier (1 0) comprenant: 

une bague exterieure (52) de configuration 
globalement annulaire comportant une surface 

so interieure constitute par une region (32) de 

contact de roulement; 

une bague interieure (54) de configuration 
globalement annulaire comportant une surface 
exterieure comprenant une region (33) de 

55 contact de roulement disposte entre deux re- 

gions plates (42), la bague interieure etant 
disposee concentriquement dans la bague ex- 
terieure, en definissant de cette maniere un 
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espace annulare entre la bague interieure et la 
bague exterieure; 

une pluralite d'elements roulants (17) de 
taille sensiblement uniforme, chacun des ele- 
ments etant dispose dans I'espace annulaire et 
etant en contact avec la bague exterieure et la 
bague interieure; et 

un moyen d'espacement (18) pour posi- 
tionner les elements roulants a des intervalles 
sensiblement egaux le long de la peripheric de 
I'espace annulaire, le moyen d'espacement 
comportant une surface interieure comprenant 
deux regions plates, dont chacune est plac£e 
approximativement en face d'une des regions 
plates de la bague interieure et coopere avec 
cette region, la proximite entre les regions 
plates respectives du moyen d'espacement et 
les regions plates de la bague interieure rete- 
nant le moyen d'espacement dans une posi- 
tion sensiblement concentrique autour de ia 
bague interieure sans restreindre le mouve- 
ment de rotation entre ce moyen et cette ba- 
gue; 

caracterise en ce que chaque region plate 
de la bague interieure comporte un revetement 
dur d'epaisseur sensiblement uniforme qui y 
est fixe; et 

la presence du revetement dur fixe aux 
regions plates de la bague interieure est evitee 
sur les regions de contact de roulement des 
bagues et des elements de roulement. 

3. Palier selon la revendication 1 ou 2, dans 
lequel le rev§tement dur est un revetement 
susjacent ayant une epaisseur comprise entre 
environ 0,1 et environ 25 micrometres.' 

4. Palier seion la revendication 1 ou 2, dans 
lequel le revetement dur est un revetement 
susjacent constitue d'un materiau choisi parmi 
le groupe comprenant : le nitrure de titane, le 
carbure de titane, le carbonitrure de titane, le 
nitrure de zirconium, le carbure de tungst&ne, 
le chrome dense en couche mince , et le 
chrome dense en couche mince avec un film 
lubrifiant solide en disulfure de tungstfcne. 

5. Palier selon la revendication 1 ou 2, dans 
lequel le rev§tement dur est un revetement 
susjacent constitue de nitrure de titane. 

6. Palier selon la revendication 1 ou 2, dans 
lequel le revetement dur est un revetement 
integre obtenu par un traitement choisi parmi 
le groupe comprenant la nitruration, la nitroce- 
mentation et la cementation a saturation. 



7. Palier selon la revendication 1 ou 2, dans 
lequel le revetement dur est un revitement 
integre ayant une epaisseur comprise entre 
environ 20 et environ 1000 micrometres. 
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